jjtfU! 5Lu23 

SjjJLl! (J_dL*_4 


AjjduM Jrfljw 



a.luj 


ALuttaJ J*Lw 


jaia ft UI 

aOIj^S j$ia 


t(j| C— p- V ( _ 7 ic j 1 oj! jJLa IjLu t_j. 

v = V m sin (cot + c() ) 
z = I m sin cot 


3uj2«(6-1) 

-Te_<-aJ llJllA (j I 

( 6 - 1 ) 

(6-2) j 


.jLuJI ( _ y lc J-^pJI L^J jj-Lail AJjlj (_pi> ()) (jl iO-p. 

; 4_*_iiijLl jjOj 4-laj>J J_Lc. (J-g-^e-U Aj j'Ut I SjJtiJI 


p = V / 


p = V m I m sincot sin(cot+())) 


(6-3) 


•• 6* J_>j jLuJIj 


(6-4) 


t^yjlUJl *— ■ ajJiOJI aJjL *^3 4 *\ ' A_uillll ^ 1 JlxIluu Li 

p = VI cose)) (l-cos2cot) + VI sin<^ (sin 2cot) (6-5) 


: ,j| C--p- jLUIj jL^jeJi a !l x a. J 1 a VI L«-& I j V jl 


V=V m /V2 , I = I m /V2 


Resistive Circuits uUjtfiljiljJO ) 


(|) jl—uJIj (jA_ l AJjtj (jl (_£l jj) tail (_) u-d l £— jLuJIj (jlO * t~i Hfl dlLajUiil jjljJ 

•• 01 ju>ij (6-5) 4_I_iL*JL I . Ij-Oua i L a 2 l $ diLajLil,! j^Ijj ^_ 


p = VI cos(O) (l-cos2cot) + VI sin (0) (sin2cot) 

= VI - VI cos2cot (6-6) 


_ ^ A _ 


Aw^LuJI ai^JI ^ " ' jaya ft lJI 

4±luA) 3jJaj3jJ^JI JaUa ^Lj^JI ajjjUl <Lu2j iuj I j^S^>3 



‘ iut »^> £_« 4_>. jJ.1 jal_4-i ( 4_p»- < JL-u — VICOS2(X)t _J j-alLmJt I jLuJ! Jus-jl t 1~» > "jp 1 1 VI (jl C— J->- 

• VI ( _ r ifc (6-6) 2_I _i L*JL t (j-« ajjJiJI Jg-i-u jH a .(J-g-^e-U ajJ-SJI (6.1) (J^— i >'~iill ,j I 

P av = VI = V m I m /2 (6-7) 

^ ILaj j.l '^11 i a LLajtil a ■ II ijj jJiJ! (jls ijJJ jJ i-LaJL3 < (js. jJ.1 <al_>oV! aj JlSJ! 4_>. j_a J_)| (6. 1 ) ■ •"■• (JA-O 



■j J-^T-a-U ajJuS JsL*J 4_ajLa!t 


Inductive Circuits aJl-J! (6-1-2) 

a_IjL*JL! 90 (|) (jL-2 lilljJ 90 Laj! juL« jLUl Jj_u_uj a_u_>JI 

: (6-5) 

p L = VI cos(90) (l-cos2cot) + VI sin(90) (sin2cot) 

= 0 + VI sin2cot 

p L = VI sin 2cot (6-8) /\ 

. I j_a jJ I d-q-^e-U I a j Jl 2J I (6.2) auJ I 


^ < jj\ -’— N- 1 t -uJ s I ‘ t-s . i 1 ' ^jLt-oJ s' ^9 I 1 \ ~>ij. ' 1 C \ AjN. Llu. 1 I 0* AjLaL^a 4_>.^_a ^J^L>. ■ aol! t tA> -w\t t 

itii UaJL) (_£jl_<_uj t ^ 1 a 11 jJ—uaJlLi aLLajtil ajJ-SJ! jjLb AJLaL^= 4_>.^_a (J^L>. 4_jj ^ I ^.ll'uJ I Juij ^ ^aVl j^kXI 




Aw^LuJI ai^JI ^ " ' jaya ft lJI 

4±luA) 3jJaj3jJ^JI J«U< ^Lj^JI ajjjUl <Lu2j Auj Ij^S^>3 



V <_flUI (jl (_$l Ij. tr> (_gjL_uJ ‘ kUl! o LLajti! aj Jui]l ijJJ jJ .(—ill I a t-» < .,1 jj j l 4 ' 1 oL*J,l aj Jull! 

. Pl = 0 (jl (_£l ajOaS 



: (jla cjj jJ (6- 1 ) aJ _}L*J,Ll a VI sin (|) _1 i_3^_*J aj^t 1 A * -*-l 1 1 1 Q < AjLc.Lll,t aj Ji-aJI (jli Vile. 

Q l = VI sin § 

90 (_£jL_uj § jjLa t aJLqJLl 

Ql=VI " (6-9) 


Capacitive Circuits i ^ j \ (6-1-3) 
(j-aaj -90 (|) (jUs liiljj 90 Lfcjl Ji_ia A_i^jl^_i Jl^»J! jLUI Jj. j-ujJ ‘ La Il3 Aj^jlxjjJ! J_)l ijJl!I ^_ 

: (6-5) IbUI 


pc= VI cos(-90) (l-cos2cot) + VI sin(-90) (sin2cot) 
= 0 - VI sin2cot 


i' 


pc = -VI sin 2 cot 


( 6 - 10 ) 


Aw^LuJI ai^JI ^ " ' jaya ft lJI 

4±luA) 3jJaj3jJ^JI JaUa ^Lj^JI ajjjUl <Lu2j 4uj Ij^S^>3 



aj JlJIII (6.3 ) _9-)_9 J Jt_ oaaJ.1 JJSjJ 3 ‘ iUljus 1_& J 2j3 4_l!1_<_u 4_j_ljj>- 4_>. ^.a l_y-^ — 'VI Sill 2C0t (jl id-O- 

■ ^j) » i n II (J-q-re-U 4_Uj^^=jl!I 



^j_a j J i^aJLl a J 1 « 1. 1 a j Ji_a] I Ja-t 1 Li 1 ujJ ‘ a. *— ■ a 1 J j J asaJt, I ^j_a a 1 la * t 1 a j Jt_aJ I I J— 3 23 1 ^ jjj 

S* 

. Pc— 0 LljjJ 4 t-i . I aj JuL! I O^t 4JLaL^a 4js-^_a jJ^L>. ‘ 4u ‘—> 1 1 

.(6.3) auJI £— ajJi3JI a k x J1 ^jnJI (_£_jL<_uj ‘ au “—< a 1 J 4_t_>. LuaJt I 4jLcLai,t ajJuiJI 


Qc = VI 


(6-11) 


Apparent Power 3b>AUa)l3jJui)l (6-2) 

d) La^j LaJL I 4 _Jl ^3 i <11 , ,," I 4J L* 3 J I aj Jl 3 J I La-& 4 _Uj_£^ 3 J I a j Jl 3 J I ^j_a 3-S J J L 33 jJ(J (jj ' " La-a 

J I 4 x^alla-t I aj JlJLJ! Q j-ajJL) LjJ j_aj_Jj 4_LcLaJ.I ajJ_3J!j P j_ajJL) LjJ j_aj_Jj 4 _l)j^^=J! aj3l JlJI £- 

dlLajLai.! (_ 7 lc- jLpJI £)l 3l--L>-J 4 j \j Q ^— ■ 1 1 ^j(jJl!| <dl 1 £LL t I daLfflUl 4 t-> . ,,l oL*II 

(jLis 90 4_)^j(^_) jLuJI ^s-LIL^j 1 aULI 4-JL>- A- 90 4_)^j^j_! jLuJI La-Lu j^glaJI i^yu^Li A 


- 1 t - 


AuJLuJISJ^JI 


a.luj 


jaia ft UI 

J$ii 


4 j \j Q ^-— 1 1 1 ajj_il! « ki—ILj £j_) lc l_3j_*jJ 1_L&^ . 4 J LjlLlj ! ajji-il! ^ lc aJ_«L*ILa £jj ^—>~ 4_lcLil! ajJt—SJI 

al^JL>iI,l A_Uj^^= 3JI 1_£J (_£JU(j ( _ 7 jJ! 4 i II 4_u^ g 4^-jJ | Jjj_il| 4jj_&LLaJ! ajJ-flJL) 

■S j-aj-JL) IjJ j-a>J$ 4-Uj ^^.H j-^Li*JI £-J-a^ <^1 


S = VI (6-12) 

Power Triangle i£$2ll uiZ (6-3) 

3j jl^j i ij (reactive power) u^mi (active power) ul^ji « oMUi eai_^=J! 

:2_u^?i ^utUJVi iiMaJL U^iu a2>uji ^l^ (apparent power) 4^11^1 
S = P + JQ 

P = PZ0° , Q l =Q l Z90° , Q c =Q c Z-90° « 


S= P + JQ l 


; Lll I i 4Jj_& Ltai I a j JlcJ I 4J ■ a ' ^iL>J I 



^ j.*-uu (_£ jJjJI < t-. U, v a (6.4b) ■ lm isr L> ~ iS TU>a (6.4a) ■ •"■• 

(_£ I C.-ITlI. 4.1c. Lit I 4 ‘‘—'j 1 1 jj La 4-j^.t-LijJ I 4_u_>J I Ll*J I ^j_a 4-4-|J'$~ =L ^ I ajL) I jJ I (_£ ^IL>o La JulC. 

1 ^ I a ^]‘—< t aJLiLHI ajjL^JI (j-U (3 j^Li ajLrtHj 


-M. 


LyjLJI 



AjjmM 3 jJsj 3 jJi 2 JI 

Lluj 



Power Factor * j^Sil (6-4) 

j (kW) datj ’tl i (jjjLZij JLca-VLi ^Ljls cil^Lcuj 4_!L*LJI ajjLL! ^\_> 4_u-u-<J! ajjuL! J-aL-a 

| 4_J Lt-dJ I a j JlL! I .^_<j-a I d-<J t L (__^u 1 AJj-A> U^j I a j JlSJ I ^^j-a-t-uJ I J 4_s j' L t I 4 j'd-, 1 1 a j JiLl I 

JlC.1_ljjJ ^ j 01 4_ic.mt a j > 2i 1 Lai . £lJI. • . . 4 ‘—'j jk J I < a -j-LaaJI < aj(j_>JI ^Ljl JLa ^ LLL>J I (J_a-*JI 
4 j'*— ■ ] I a j JlLJ I . ( R V AR) 4_ic LLa j_a I daJ ^ L^— x J 1_> ^_yu I ^ )J j 1 1 1 (J L >Jt I Jl (_y lc 

jjj_« I d<— I ^2 x J 1 1 (__)_u LflJ^j 4_JLc m I a j JL-Si 4_J L*LJ I aj Jl-SJ I « jjj_a 4_J j-& LLJ I a j Ji_Ll I ^-a > Ljj 

.(kVA) 


4 -Jl^3 J( ajJiLil / 4_!L*LJI ajJuLI — COS (j) — ajjJi]l J-aL*-a 

i.e. Cos (|) = P / S (6-13) 

L Lill jj| 4_jj|_*JI aj, \ 2J I J_aL*.a ^ Jl^cTi—lu-U w 'J 3 ‘^~ l I ' ajjL all L t^ii 4 _lILl 2 a j l all J_aL*_a u-t n tj 

*■ I Lii! Mill ^ je_I 1 1 a j 1 all J_aL*_a 1 a-Lo "J ' .' *~ l 4 -LLlL) ujJ ^ 'J $ ‘~~ l 1 1 

55 

4_L_i_uI 4_rtIUJLl aj, > all j 1 ^j| ^j_*j dl_Ji (jL-2 Jljs-I ^Jl L^l_<_i±a ajjLiJI J_aL*_a ‘—< i LaJi_i*J2 ^ \J 6 *~ l I ' 

( _yJI djlj_*JL! (jy-& aJL-LLL! dalji-LLl (jLa <_cjL>J! ^-ic .JLlLI! (J^jL! ^Lj'^ dH^~l > h~ ^LLLI 

. ^cJ I . . . d 1 V 3^*4 I ^ I I (_P-a d LL^=JL I ^ I 4_jiL>J I da UU I j* jLtlduj 


4 ic.Lall ajjLaj! 

(kVAR) 


(kW) 4-lL-aJl ajjLaJI 

dJlLa ( 6 “ 5 ) 1 <"> 



-i.r. 


(tLUyAI 3jisj3jJuiJI JrfliW 



^Lj^JI 3 Lu 2 j 


ja t a i ul I 


(__£Lj2 a 3jJd jJ_aL*j3 LjJ 4X.l_i_uaJI £— 4_a Jlj&Tl- mil 4 J ' ' 'j j ^~~ l 1 I dWI a 3^ 1 j 4 ~~~ l 4_i_mj l£]1_L&^ 

i _y^j2ssu—a 3jJu2 JjsL*^3 LjJ {jj‘~~' ' 4_jj VI 4 J ' 1 j *— ■ J ^ d Wt^j dl Jutl I (_ylc- (_$ _p>J d Lda 3 Lm-La 

.3jJuiJI JjaLs-a (j-do^elL! dl j_La_>- ( < 1 1->~~ 

4_iC.LLuaJI (JLa^s- Vl ^ lo ♦ a (Jiw-i <Ud>JI dl 1 I (J-^= ( 1 

4 J '1 J o ^ J 3 4 ~~~ l J 1 d LL aJtl I j ^-qTllu. 1 I jLUl d 1 *—<j n £- ■ Jeltll ^ JltsILljjJ (_£ ^aJl jjlmljd (i ) 

_L^_>J1 dl ^jall i~lVj>a (d 

jaL^till dVT (d 

•^rA^l U'j-^^lj (j-uJ-Ul (jlj-2! (^ 

4 j ' "jk' IU1 a^jL>J 1 dUU! (^ 

• jijjjj! j d-Lt xjj^i a. J 1 d L b 1 .~~'.d-, (^ 

.dJUitll dLc.l_LuaU 3 jJlU! d^LaL*j3 (6 - l) (Jjds. ^ U« jj 


-l.t- 



OJOJ! JrfLwuljruu (6-5) 

ajjJi]l l! 1 ^Lli-lll £— A_=w LllX t 4 i Jl ajjJUl ( _ r jfc 1 j) Ij*— i Jl : ^ 'j £ '—• J I 4 » < u (I) 

^vl laill 4 j« uj ol_jj *JI ajJ ill J aL*-a I i ajJi_i]l ^ I « aX 4 j 1 ^— ■ ! I a j Ji_i! I = 4_I Lati! I 

if 

(J JJlC. Ij Ij-ji-u I ji^al J_^_>jl ^ ^~=aJ I Hi 1.1 1 Ajuuj a jLj £_«J ^Lil.1 

.^Luja-VI J_lC. Lja-cli ^"*— ■ I iisLial *— ■ ^ 4 _Uj^^jl!I 

(Jjsl ^-Li^aJ (J-g-ae-U c-ljikll Jp!' Op ajJi-ill J^sljt-a £_« : tjy 4j.g.‘=aJI ^ Haiti JiisLLa (i_j) 

jJ-ILa aj $ja.Vl ajl^> >. 4 A- £-1 ijjVI (jl 4 J— ij (I _ R) Oj—idJU ajJ ill op 3 (PL^Llj 

aj-^-a-yA J (jj-is plsVI J-4-*-ll i)-a Juj-1 I-4- 4 J-il I j. ‘~~~ l Aj £_jj^ill £j l w >» dlV ^a>HI_J 1 ~ '\l <1 ^— 1 1 1 




ilLmsu 3jJaj3jJi2JI JaLx ^b^Ji <Lu2j d I j^S^>3 



LjJLc ^ Lk iJ ajJ_Ui J_aL*.a Qj) *— i l (jl (_<_>o : aLlj^^oJI - <j ‘ %" ‘~~ '" (jr) 

dL^ajdl/ (jld lilljJ .aJi_JjJ,l ajJi_aJL) (jj , ^ n\\ a jL£La-u5/(j =J tS < 1 1 O I ^d. i ioLjjJ OJUyj 

(j_£. (J-Sj V (_£ ^ILm-a fj lc A tSa L>tl L) 4_J 1 lojj ■ L ii ml, I ^ lc a j Jd (J_a L*-a A_a a 1 ij j *— , 1 1 

.A_aljJ(JI (—iJjstll ajJui]t (J_aL*J 95% 

aj J-2JI (J_aL*_a J-OJ La Jl_Lc. ( _ ;r _lj^^=3jl J-aJjl Ja._>- £_ jUI jl—uJI jl Jsj_a •.(_ 3 _>j^^=JI J Hill Jo j_Joo- (^) 

(j_a Ji_l V (ill j_)^J I Jo_>J I fj lc aJ ^S-J I aJ L*_a J I AmJj-^daJ I a j > al I cl^-L-uTu lLLI yj I 

jLuJ! ajLjj_! 1 < >> J j .Jo_>JI 1 /1 ■ 1 1 ^ — . " a ^Lij a^_ (. 1 1 1 <m La-a (J-a-JI Joas. djLuo ja 3 ^Jo. n a a_>. L^-a 

< <_i_mL) lLLIJl.^ 3^ (J_aJjl Jo_>. a a 1 ■ (j_a (JJLu l_a-a (_ r _)j^-^3JI J-ajJI Ja_>- Ji—dLia jljsjJj 

.Ja_>Jl (_ r lc Jl£a>JI (jIoLiool ajLlj 4- 

( _yoLa_>ol ^_a (kW capacity) a_!L*aU! ajj_ail (Jj^>JLl a_*_i_u J-Sj : a—oj^^oJI dV j^>JU <jr Jc. j_ui_ill (<?) 

.ido-lju Jl£a>JI jljjj liJJjJ ajjLflJ! (_ksL*-a 

A_>.l_ma (j' * ts~iQi £_IoAia A_>.l_ma ajLlj (j_a Ji_)V : (jL jJol^jjaJI ^ ' a- j xjLIJI 0) 

a j > al I J_a L*_a Jl 2c. aJ j 2. 1 1 1 I aj Jt_aJ I A_a_L3 " a . ' J-lc. 4—Uj^^s J I lo I j J ^^jjiayLlJ I ^Joa-u 

U1 

A_Jj_&UoJI aj Ji_oJI A. t _ m (J-aJ (_>A^it_LL! aj Ji_flJI (_J oLa*_o £_a : A_jjj^^=JI dlljJjJI ( _ r Lc. j_i 3 Lll I (j) 

a ^^ill _i I tj (Exciter) j_<U1 a t~> , ,,l s LJ ojLLI aj j_aJ I jl ^5-2_j cii I jJ j^JLI a tl « All aj j_aJ I ajl_l^ 

. jJ^Jl 1 n^—> elUi ^_a jJ^-aJLJ A_ujjLos_JI diLalil 

a_Jl1oj I BjJlJU! J_aLua ^yoUiCiL : (prime movers) ^jl-J. 1 ti] ^ j-Jbil ■) 

A_lc.Lai,l aj Jl all ^Lu5? Aj^JJoa 3 A^UoJ! ^ys A_Lja(j3 a j r\^— < ‘—n Q aJLc. LaJ I ajjLail £yS Jujj,! jJjJI ^ y3 

* 

.aJlIoLc lLIja>Jl,I Aju_u i^ya Uya^. (ji (_$i jJ^aJLI (^J-J,! LdjA>tt I {j-a aSUoJ! oJJb J-a t LL u Jj 

aaLa.*==j (j-a (JJLaj t jAiog.i.a ajji^ (_%L*a3 JlIc. J^jlILs dJU jJ 


SjteUll J*U« feu rfW Ul^ (6-6) 

A_aJoJ “f'-A-! yJ I d) LJoa>J A-ljaa-i jJ I t-L-J 1 1 1 J I jjJ 3 Ji a je. I a a j Jl 3 Lta_i I d I ^— ■ 1 »~i ] I J-a^- J-lc. 

J—lC. A 1 \j a d-, ' j i**'l d-, 1 ,", T ' 6' ol l ^ T i-L . j.a- U ^J-l u . t s T ll u . 1 I ^j-a^ cJJjJj Jl J-aiJ' 

: ajjLaJl j_(aL*-A (yA_<jjA>o jJI A_JLJ1 JoLa-Jl ,^ajj_a ajji£ Ja3L*a3 

.jJ^aJLI ^LJlJI! lLIj-tmE a 11 * n II ajjLaJI AjlxjJ (I) 

-M. 


Aw^LuJI ^ " ' jaya ft lJI 

ilLmsu 3jJaj3jJi2JI J«U< ^Lj^Jl ajjjUl <Lu2j 4jj 



jJ j-a-li 4 JL*^l]I ajjaill Ajljjj 


( v ) 

(J^Je-a-U 4 II « a 11 ajJuiJI 4jt_i-u 


%) 

- LJ j t — > 1 1 4 — i ,~, ! 1 ^ dll JO-^JI (_(— 3 44 ' 4|d-, 


(^) 

4 d-, 1 ,~, T| dll J 0 . 3 JI ‘ iuJl 4d, J 

Jt4^ 

(.) 

jlII (J-aiJI lIsj U~>. ( __ r JLz. d^JI 1 m (j 


(j) 


Power Factor Correction 3 jJui)l J*Lu (jruyju ( 6 - 7 ) 

#= 

jj ^— ■ 1 a Tg JuljSJI i~'l t^i-9-a ^yz \1 ‘-—' (jL^ 4 jl ' 1 >j-g ‘—> I 1 ajJui]l j)_a A pi oj_j_a ^ ic. aaarcJLI 

^ Ua-cil LjJLc ojJl^JI JjaLs-a (jj*— ■ ' (jl iSjJiJ 1 1 I j>-a-2 dUj 3- ^ ***" (j .4 _lILc ~ r ' r ' ‘* l ‘~’ 1 (J-a-*J (jl JuV ‘ l! jA j" - "VI 

( _ r l*J (_y-Hj 4_jlirs. (JI-«^-l 4 jjJl^JI t _ y Jj,^^iJI j_jj^Hll A-g.Ia.,0 (JLftjs-Vl a jjL) ^ajl t n"!! £_aj .^j^^aa-ll 

A^Liial (_j-A ajJt-aJI J-aL*_a (j-A-Lijj^TJ Jjj-LaJI lLs-i-ujI (jLa dlijiJ L^JLa-*-? ^ . "jt-,1 1* a jj. ■ (JL>Jl ^Ll>o L^jI 
jLu ^JsLabL^J . 4_ic.La_a jLjJ dl jJ^_a *— ■ (^^aJI i ~ 1 1 a"i d-, a J_aJlJ^ 4 j \j j d-, t | | 4 U. -»■ t ■ ~ ' I a"i d-, t I 


j aj < ,, ^ Ua-cLI '*— , 1 1 jLUl (jl .2 AJLcLiil dil d-, 1 1 

#= 

j)_a ^JuLl <_aJLa £_a (_£jl^J-II (_j-ld ' a"id_, a j 4_u_>JI ^_i(jjJI ajdaJI J_aL*_a (j4_<_u->u 4_ui_id = 4_i_uljjJ 


.(6.6) (J^— i >~~iiJI £— La^~i (_yJ ^$*—=3 jJj/ia 



‘ ala ^ j 1 1 ^ ( 6 . 6 ) j^m dl 1 


-1.V- 



Aw^LuJI aia$Jl 
(tiuiAi jjltjijjiJt JaUs 



^Lj^JI 4 m 2 j 


jaia ft UI 
4 j.jLj;^S j$2 


\*—t II jLjIII J-&J 90 4_jjl^_i j J_ i^iJ.1 II ( an*— ill (J-l 2 ajdl jJL) jLuJI 

#« «* 

aJl_ojj I c <jjI jJLa Lj^-t-i-u IjLu 4 _jl _2 ‘ iilXl £_a (_gjl ^ILlI ‘ }uJ==k 1 1 Jiidj J JuaI I a 

j I a < i ja- > m 1 1 l*~— i J ! j LuJ I ij J) j 4-1 UJ I a J_& 90 Lij I J-lLa 4 _jj lj_i j J—uaJl I J (j_C. 

: <■ .^"^-—i t |j (JJd I ^L_ dlljLuJI £-j-a-ae-a 

I = Il-Ic 

: (_£jl_<-uJ 4J1_>JI aJ id 4 j'd-, II AjLcLil! ajJ-SJI (jLs dUjJ. Il ^jA 180 Ic Lr^*^ 4 _l!L<_uJI ajLJl/^M ^ 


Q = V(I l -Ic) = Ql-Qc 


(6-14) 


JjLu l_a_a 4 j^.<_luJ I AjLcLilLi di_J.i^d. J_2 4_jiL>JI 4jdLUI {ja la^jjs. (jl -Lao 4 j'*— ■ II aJLcLiaU 4_aL*JI aj-La-Ll 1 
aj . i 7t\ I J_a L*_a ij\- <_ui>a (_J[ 2^—1 1 * J ' ^ ^ dLc ^ Cy 3 Jj' n "‘ 1 I I JLd • J Ju-aa.1 I {jA 4J i^LLaj I 4_tl^jJ I aJLc. Lil I {jA 

. ajJjljJL! 4 _Jl^JI 

#« 

LJU. a j Jl Hi I Cal a £_i_oaajj a j Jl a 1 1 (J_aL*_a (^rd-u->o £— 4_a Jl-^Tllij-U aj-^a> ^ 1 ^ya dll 1 1 j 

.4_ajQita jaL^cjs-lj JL^idL 

Electrical Capacitors uLa&I (6-8) 

If J-4a>Jlj (-. g..'~i^=iX I Aji—ljj . (jr _l ij^^=> (Jjl— C. l_a^_Lu <j4_Uj_g^= ^j-C. aj Ltd ( _ ;r _!j^^=iil I 1 

( ai"i*— i U 4_uj^^ =JI diLlre-dJ I 4 j a^~i l aJJ_>d,l 4_uj^^=3JI di^LuajJ,! 


c=^ 

V 


farad 


(6-15) 


1 a J l_a '^* ‘ si~i‘^—y t | 4 a_uj jLaJ-*J^J . ‘ *',£—> 1 1 jL^a>J I 1 Ll 4 _l 1 j^^ 3 lI ! 4_lae-La Jl ^ Q d^ 

• JjUJI I JyJ A_)Il l_* 2 _lJ I 4^12 JJ_>o ( _ 7 aJlj jJL I (j*A 

: Lr jfc 1 ^ - 4 4 l£-^ Cr4j 6^~’ ‘-^d^=u3 4 a^ 


c _ s 0 £ r A _£A 
d d 


farad 


(6-16) 


- ^ . A _ 


Lw^LuJI ai^JI ^ " ' jaya ft lJI 

4±luA) 3jJaj3jJ^JI JaLx ^Lj^JI ajjjUl <Lu2j iuj I j^S^>3 



.(j^jswjUl A^L-oil <_ r Ji d j (^Jutil ^jill 4 js-Lljjj3 A j (Jj-*-^ a^U. <Laliai,l AjiLiiJ! <_ r ji 8 I id-p- 
4-ILs- _i l_5— 1 1 (J|j_*-Jl oJ—ujJ 4_ljl_*JI .}(j_U A-LL-t-u-Lli Lj jLfl-.ll] 4.1a_i.u jlU. I ^a-i-flJI (6”2) (JjJjs. 

t— . - ♦J jj . I JjL*JI 4_L«^tlj j ^^-ua-al aj-ii ( _ r i*3j . aj-a Tn - u - l I i_LL!jl^=j ojpJLl 

# s< 

■ ^ Jiis r LL u . i l JjL*J! 4 _lC jj jLlIts. 1 La Li Ijj J < h~i^— ill La^iJ-lc. J^ju (jl JlLI! aj!j^>JI 4 j^.j J 


(6-2) Jjj^- 


jLlil aj_iiL 

(MV/m) jannU 

jLuU aj-iiu 

(MV/m) jjjiii 

4_u.i-u.l 1 1 LALLiH 

ajLa 

4-9 

2-3 

1.00 

*'V' 

9.4 

0.35 

3000.0 

dLu3 1 

200-220 

16-18 

6.50 

^LLoil 



7.00 


76.5 

16-18 

2.13 

4-uJutll dajjjJI 

150 

80-100 

5.60 


650 

48-52 

2.20 

U^iuh 1 cr 1 ^' 

158 

not used in a.c. 

2.90 

i n 1 1 j-Ji 


: 4_JLlI! aJjLLLL j_£ ^LJI dil Lli t ajjLoJI 4_aJ-2 


Q = 2 ji f C V 2 x 1 0‘ 9 kVAR 


(6-17) 


’i‘—> 1 1 di^Lu^s t a 1" -a- 1 ^ ^LjJI i ~ 1 1 a~i d_, a aj l y^u (6.7) ■ dil 





Aw^LuJI ai^Jl 

tlLUyJU 3>Jaj3jJuiJI Jabw 



^Lj^JI A.luj 


jaia ft UI 

J$2 


LjJLyg. <La JlseTu-oXI t~tl n't^—L 1 1 ^IjjI (6-8-1) 

j»Lre_>.L> JjL*JI O-jjJLi aj^_«jtil 4_u I j la - aVl Li*JI till 1 th . *— ■ a tH»-d JtielL-ul I JjIj j A- 

lH)l_C . yiSyZ ^ ljLrtH_tjjL) !^-l-~v I ^ tla < "j ~ 1 1 ji_^>JI < i_u L-L3 cii 1 ait ^— ■ 1 1 c.<_ iL^j^ 5 00k VAR (Jl 1.0 i 

jjj-Sil (j_a ^LU! t A_j ,33kV fjj ^ di 1 1 1 1 aJ—&> I (_£j I I ^^,3 I^JjJ I LlC 

(^—1 q-re- t i tUll -i"'*— ■ t I J^_La JiAj dt-ljJLl ^_i_L*u.U tHlLtA^=3j3 ^tl Jl^cTli-uI IjlJ I 


4 -a- X^ajj i jLtis^tc (Jjki Cluj A_ a_i_u^_«jL 1 > I j ily 3 ^ £-j1 jAJIj jjjjJI t ~ ^1 

iyi—l llIAI y-o y~ ^ ila <— dJL) (_j— t-t3 4 _u-uLljA| ^_ual_L*J! ya JJlC. ya tUl 1 A “—< ^ 

^ x-p - . V 1 4_>oj_iiL^ Cy 3 1 '" * > ~ a (JjLc. _j l jJjLc t3j_J tlh 4 tHil ^ it-.1l ^_a jjtc. 


(6.7) All 


(VAR) aj jtiii < iLt-g^v. 4jji_*^5 j_u^jiii (_1^=3 _aii 

il i' 

VIl Jl >- 1 5 4_>. 5 • 

« 

> • 

% 

V 

/ 

tL 1' 
•— « 

2VI l tU^Lul ajujI Ijj 

• — 3f — • ' 

< > 

V 

» • 

% 

» N 

\ 

V 

il r 

• t 

' 

2VI L tiiM_ijj! 4uMu tjC 

< > 

V 

► • 

% 

» 

V 

/ 




AuJLuJI 3bl?-$JI 



AJumM tfjlajtjJuUl JaIjm 

a.luj 

<Ujb_>^S.j>3 



djJuiJI J*Lu (6-9) 

(J-aL*_a (j-A-m-SsTj |_£Jl».I y*' JLsr**i t nl v j^~— ■ A. ' 

aJLlaJI ajJuDI d<-t-LiTo (I) 
AJj-ALIaJI ajJi_flJI C^-lli T u (i l) 

4_J Ls^oJ I ajjLdJI C.C. L . U J A-Sj^-Ls (l) 

Lta-cL! 4 -JLaaJI ajjJiJI 4-a-i2 Cxj-uj a 'J .AJj_ALIaJ! a j J 1 J 2 J I aJIaaJI ajJui]l Cxj-uj ^alu <?J u& £. 

ajJi_iJI i >j— u 2 (J-t^aaLs. C0S(J)2 (Jj COS(|)l ^j_a ajJui]l J-aL*_a jjSjJ Aj_jJLLaJLl ‘ A *— ■ a 1 J 4jLc.LaJU ajjJiJI (jUs 

.(6.8) (_)^3_<iuil £— 1 o (|)j ^ (J )2 LiljijJI l2j Luj L a-a_J (J-a-re-U iJljLail 
,(__t_upJI (_ r lc. C0S())2 J COS(J)i ^j^liLa-a Os j OR j 1 .0 aj Ju3 (J-aL*_a Jiic. 4-Ii ♦ till ajJ-aJI <_p-4-a OA (jl 
JAa-1 PM^^js-i COS())2 COS(|)l ^j_a aj J loJ! (J-aL*_a aJLa^JI aj jJil! 4jLcLaJ.I ajjJiJ! (_p-a-i PM 

.(Tan^i-Tamtb) ^L-lL-w 


-1U. 




Aw^LuJI ai^JI ^ " ' jaya ft lJI 

ilLmsu 3jJaj3jJi2JI JaUa t^U^ai gjjjlll 2 Lu2j auj b^S^>3 




a j^llaJLl * ~ ' 1 £u ‘—< 4 . 1 J Alc.Lil! ajlxjjJ! i iLljjjs. (6.8) (_)^=3_<iuJI 

Ajj_iilJisJI bjJlSJI C.<- L . u j aJLj-L> (0 

A_jj_AlJaJ! ajJi_Sil A_a-i2 O-j-uj a JLtAJI »j,i 2jl j-lj. «" a A_jj_&LLaJ! aj J l I O-j-uj <?Jufc ^_ 

J! COS^i £ya a j JlSJ I L*_« AJj-^ UasJ I a j JuD I ^ I A_u_oj AJ ^lLaJ, I ‘ *— ■ o 1 J A-ic. Lii I a j Jill! ! tjLa 

.(6.9) (_(^=3_<iuJI \-c ,‘— i (J)j j ((>2 Lil jjJI (_ t.^. Ca- 1 (_3-A cos())2 


OD ^-lSH-i-uJU £_La^u L-u^ C a t-wa t ^j_a ^_i_u^_) OC j-La-flJ 1 t n i^, O j ‘—•j I ' £- AJ^jkLIaJ! ajJui]! Cxj-uj Ji_Lc. 

: E £— AD ^-LzlcjJ OA (_£j I DE D A_La_aj 



(6.9) 


.m. 


Aw^LuJI ai^JI ^ " ' jaya ft lJI 

ilLmsu 3jJaj3jJi2JI JaU< ^Lj^Jl ajjjUl <Lu2j 4jj Ij^S^>3 



CE = Q sin 4>! - Q sin fy 2 

= Q (sin (|) ! - sin <^ 2 ) 


; A^>L5tiL> (_ylajtjj AB (jJb ajjLaJI (J-abua (j\ < o*>iJ Oe-uj a JuljJI aj jJLil 


AB = Q (cos (|)i - cos (t) 2 ) 


ALul 


\“— i II cZLa ^a-i-ujl (J^~— i miJI Z_ 4_LZU ajjljJI (j-a i J ^^aJ! O-llLa ^a-i-ujl : 1 Jl^La 

.ejjl Jill 

JjVl jLu : <Jj50 £j-UI 


/= V = 20Z60 1 = 5Z30 „ a 


Zj 4Z30° 

S =V I* = 20Z60° x 5Z - 30° = 100Z30° VA "ajj^JI 

P = 100 cos30 = 86.6 W UUZI "ajjlil! 

Q = 1 00 sin 30 = 50 V AR a^as. ZcLill aj jJU! 

V 20Z60° 




Z 2 5Z60 C 


= 4Z0° A 


£^111 jL-U 


S =V I* =20Z60°x 4Z0° =80Z60° VA ^LZJI ijj2i\ 

P = 80 cos 60 = 40 W iiUZUjj^l 

Q = 80 sin 60 = 69.2 VAR a^js-CLa aJLcLZ.! ajjLaJI 

Pt = 86.6 z 40 = 126.6 zi^=iii a ti « ah ajjuLii.’. 

Q T = 50 + 69.2= 119.2 VA zi^=J! iJZUl "ajj^Ji 

S T = Jp? +Qy =V( 126.6) 2 + (119.2) 2 =174 VA Z'^t l ^U^jl s jJL 2JI 


P.F. = 


Qt 


126.6 

174 


= 0.727 




C _4 


ajl I jJLI ^ '*— ■ 1 I a j JlZ I 1_*^3 


.nr. 


Aw^LuJI ai^JI ^ " ' jaya ft lJI 

ilLmsu 3jJaj3jJi2JI JaLx ^Lj^Jl ajjjUl <Lu2j auj Ij^S^>3 



P.=86 6W 



(_J Laj*. I AJ ^_ya AJ ^ A.C a j l 






IAjJLjJI di Ljjja Ijl 1 LgJ A 1 A i a 

.j^-G^s 0.5 ajjja (j-aL*_«j 250VA : 1 j^uv. 

■ JloIL <3 0.8 ajj^ j-aL*-«j 1 80 watt : 2 j.-u*. 

.jS-tia 100VAR j 3300V A :3 

P = S x P.F.= 250 x 0.5 = 125 W sju^ji BjjlAJI : 1 

P.F. = cos cj) =0.5 ,\ (j) = cos‘ 1 0.5=60° 

Q = S x sin <\> = 250 x sin 60 = 216 VAR *k.uxi sjjLaii 


S = P-P.F.= 180-0.8 = 225 VA sjjLiii -.2 J**. 

P.F. = cos cj) =0.8 .’. cj) = cos' 1 0.8=36.9° 

Q = S x sin cj) - 225 x sin 36.9 = 135 VAR aI^LUI SjjlUI 
sin <|> = Q - S = 100 - 300 = 0.3333 :.$= 19.5° -.3 

P = S x cos ()) = 300 x cosl9.5 = 283 W aJL^ji s jjlUI 
Px = 125 + 180 + 283 = 588 W a-A^ji aJLaAJI Sjjjai .'. 


Q = 216 - 135 + 100= 181 VAR >ti. 
S T =^/p r 2 +Q~ = A /(588) 2 +(181) 2 =616 VA 
P.F.= P-S = 588 -616 = 0.955 


A 1 1 < • 1 aJLcLAJLI ajJujJI 


a 1 J1 AJjjfcLIiJI ajJuiJI 

\“— i 0 ajjJi]! (JjsL*_<3 


-Pi. 




4dLuJI ai^JI ^ " ' jaya ft lJI 

ilLmsu 3jJaj3jJi2JI J«U< ^Lj^Jl ajjjUl <Lu2j d I j^S^>3 




1 80 watt 


( 6 . 11 ) 

J_aL*-a (j^_<-u->o ^_) .^js-LILa 0.6 ajju2 J-aLt-a-i ^J-ai^—i II J-a^JI -Lie. <J-«-*J k V A 500 4jjJu2 (Jj^a :3 (JllLa 

L/A— <-u->o Ji_*j . d 1 £ — ~< a 1 1 4_i ijJLLa 1 1 aJLc. LU I a j JlJL! ! J Jljs. . d 1 ^ ^ [_j 0.9^1 a j Jui! I 


L^la-J-o J al d_, 1 1 4_u_uj fjJt > La ajJuiJI (J-aL*-a 

P = S x P.F.= 500 x 0.6 =300 kW , (|)=cos‘ 1 0 . 6 = 53.1 :,>JI 

Q = S x sin ()> = 500 x sin 53.1 = 400 kVAR Sjjl^i 

jS-Lla 0.9 Ji ajjLflJ! A 3 ^-*-* 3 t j3-<-aa>o Jilc. 


S = P - P.F .= 300 - 0.9 = 333 kVA <|> = cos^O^ = 26 ° 

Q 1 = S x sin ()> = 333 x sin 26 = 146 kVA jj-Lia Sjjiill 


Q c — Q — Q — 400 — 146 — 254 kVAR d l ^ l J 4 ic.mi ajjLLJi (jia djjjj 


! 66.7 = 500 333 = 


.no. 


4dLuJI ai^J 1 ^ " ' jaya ft lJI 

ilLmsu 3jJaj3jJi2JI JaU< ^Lj^Jl ajjjUl <Lu2j d I j^S^>3 



P=300 W 



A 

Q=146 VAR 

\K 

A 

Q C =254VA 




(J_oLA=J! jJlc. (J^ju 50Hz j 440V j 50h.P. : aaVI dULuJI 4J ci!j_^o • 4 JliLo 

J_oL*.o £_2 jJ ■ “4 n~i ^— i o ' 1 A_J^=J! aAc-LAU a j Jl n J 1 < <_<-uas.! ,jj>-LLo 0.85 ajJcS JjsL*j 3J 89% aoLAA=j 

LLuaj jA 4.JS.J *— ■ ] i ~ ' 1 4~i ^—i t I 4_o^ (_t“ ^ Loj .jJS-LILo 0.95 (_yJI J *~ l II (J-o^>4! JlIc. ajjAAl 
S 4_o->o i Til ( _ r JLc (i >) LAj i (~ii (_ r ic. (I) d 1 n't ‘-sX I 

P = 50 x (746 - 0.89) = 41910 W = 41.91 kW cAj^aa aAAjAl ^dA! :>A! 

(J)i cos 0.85 31.8 jA.LLoO.85 SjjlSJI AoLsuo jAc. ~ 

Qi=P x tamj)! = 41.91 x tan 31.8 = 25.98 kVAR cAj^li aJL^Laju SjjlAI 
((i, = cos‘0.95 = 18.2° jA.LLoO.95 ajJuAI (JjoLlx JlLc. - 

Qi=P x tan4>! = 41.91 x tan 18.2 = 13.79 kVAR cAj^aa 5_L^LU! SjdAi 

Qc = Qi - Q2 = 25.98 - 13.79 = 12.19 kVAR dUV^ai a^ui aa ^i -ajjAJi 

Q c = 12.19 = 3 = 4.063 kVAR j^iyi cAi^ai a^mi sjjLiii/. 

440V jji t Ad,, a ^ Jd. , ^JLc jl^»J I jts Lul ^ Ld ‘~4 A~<d_, 1 1 jj j Ac. ( 0 

k = Qc ^ V = 4063 = 440 = 9.23 A 4 jUi jLai 

I c = V = X c = V coC j I Ujj 

C = I c = Vco = 9.23 = (2nx50x440) = 66. 8xl0’ 6 F < ai^Al a*_^ jia 


.m. 


4dLuJI3jA$JI ^ " ' jaya ft lJI 

4±luA) 3jJaj3jJ^JI J«U< ^Lj^JI ajjjUl <Lu2j 3uj Ij^S^>3 



J 4 (. £ "'*— l ^ (J ^3 ^ lil J $->Jl (jl 3 2 «_>0 4 ’’Ll.A fj lc dll {Li “—< 1 1 (_jj L3 ^3 J It. (l l) 

440/V3=254V 

I c = Q c ^ V = 4063 = 254 = 16 A < f,*-,* j^= 2_ jUi jLui 

C = I c = Vco = 16 = (271x50x254) = 200.4xl0’ 6 F <Ju^ai ix^ 

£_ 2 tjl U. 1 1 cJJG JLlLal 4.3 3 tjl U. 1 1 i n it d_, 1 1 3jt_i_u (jld distil 1 4 JL ^3 £—. 4_j| Jajs-^Li : 4 a 

■ Lll Jl J-L,^ I 4 -JLs. 

*s 

Jus-jl .^js-LILa 0.6 iijji3 J-aL*-<3 J-L c. 12kw Ljj ^ $ *—3 5L$->. (_£J-*-i 25kVA 43 j-x 3 ^y-i :5 

1.0 ajJ-is J_aL*-a JJlC. j->- T J-04>" <— 3-u-3>l 121 .(Jj_>41 1 (jl 4 ~>o ( _ 7 j-J 1 A 3 ' ^~~ I -H (J-d*41 4_i_<_aj 

.JjaL^aJI 4 JL 4 JS. JlI C. (J-4-*-l jJ^-> 41 ^43 J (J-4->Jl I JljJ 4 11 * 311 ajjulll 4_<i_i3 

S = P = P.F. = 12 = 0.6 = 20 kVA j^u ^u^ii ijj2i\ ;< >ji 


80% = 100 (25 / 20 )= j^UJ J-aL^ji j^ji 

(J> i = cos _1 0.6 = 53.1° Q = S x sin (^=20 x sin53.1 = 16 kVAR 

(J )2 = sin 1 (16-25) = 39.8° 


P T = S x cos (J) 2 = 25 x cos 39.8 = 19.2 kW 
P= 19.2- 12 = 7.2 kW 


4 ■ J I 4_! 1*3! | 2j JloJ I 

‘ aLCaJU J^_>J1 4.^22 


19.2kW 



(6.13) < M ill 


-11V. 


k^LuJI ai^Jl 
riJuuk 


a.luj 


jaia ft UI 

kuk j$ia 


Jjfdxll&j^ (6-10) 


J-ak<3 ^_yQ ajjkJI J^ka Q\ I il •*-"< t l i^Lki! ‘ £ ‘-— ’ t I ^jjka k (JkCLjjVI kaLtluJ! ^^ki! ^j-a 

,4_lI! -Mj-U ajjk]l Jjaka J! (JjkJL) ajjikl 

:a_uVI diVjkil AjL lk= l_Lk=3_4_i PFj jJt 4_ L u-u->o jlj_U ajjk!! J^ka I 

PF! = COS 4>1 
P = Si X COS (j) ! 

Qi = Si x sin 4>! 

.•. Qi = P x tan 4>! 

: PF 2 (Ji ‘CLu-ukj ^s_> ajjk]! Jjaka (jl ^_y 2 ^yk . >J 

PF 2 = cos (J) 2 
P = S 2 x cos (|) 2 
Qi = S 2 x sin <|) 2 
.•. Qi = P x tan fa 

COS (|) 2 = PF 2 = ajjkl! J-^ka 

Qq Ql — Q 2 Aj^lkil LklkaJU ajju2 kUjJ 

= P ( tan (]>! - tan (|> 2 ) 

= P (M) 

tan fa ~ tan fa = (M) j-aka o' ^ 

.(_£jkV kj^ ^j-a 3jjkl! (j\ 1 ii ar" t i jj-CaJ 1 J-^ka (6“8) 


4_Lkl! kj-ALkll aj jk!l ^Jus- .^js-LILa 0.8 ajju2 J-aka-> 400FW AJkaJI 4jjJu2 (jr Jj^k ; 6 (Jka 

.Jj! Jl^J! Akk 3 JikL-uL) ^js-LILa 0.9 (Jl ajjkJt J^ka ‘ alk a 1 J 

0.9 = 4_JI -^J-U ajjkJI J^ska 0.8 = 4_Lu_aa>o .jtjJU ajjkJ! (J_aka :(Ja>JI 

0.266 =i aj-Cail J-^ka oi o-° 

Q c = P x M = 400 x 0.266 = 106.4 kVAR > ^ JJ o$imi kkLkii •'• 


.m. 


ilLmsu 3jJaj3jJi2JI JaLx ^b^Ji <Lu2j 4jj Ij^S^>3 



aj Jui]l JJus- .^js-Qa 0.75 4j ajjJiJI dllj j'j*— ■ 1000 aJIjuUI 4jjJu3 juLa 

A-SjjJ 0 ^ I JlxZllju Li ^as-LILa 0.95 (__£JuLaJJ ajJtaJI JjaLata i ali. ^— ■ a 1 J <LcLSJ, I 4jj_&UiaJI 

.JjIJl^JI 


0.95 - 4_lII (JjjaajJI jlj-U ajJuU! J^sLata 0.75 - 4_Lu_aa>o .iljJ.1 ajjLflJ! J-aLata IjJasJI 

0.553 = i_jj_iiaJ! J-aLat-a (j? Jia>j (JjJia>J! o-° 

Q c = P x M = 1000 x 0.553 = 553 kVAR ojimi Sjjiiji .'. 


. u <\ . 


AuJLuJISJ^JI 

AjjduM 


a.luj 


jaia ft UI 

j$ia 


(6-8) Jjj^ 









0.80 

0.85 

0.90 

0.95 

0.96 

0.97 

0.98 

0.99 

1.00 

4_Lu-gJ>tJ -iljJU 

3.122 

3.252 

3.338 

3.543 

3.580 

3.621 

3.669 

3.729 

3.872 

0.25 

2.964 

3.094 

3.230 

3.385 

3.422 

3.463 

3.511 

3.571 

3.714 

0.26 

2.816 

2.945 

3.082 

3.237 

3.274 

3.315 

3.353 

3.423 

3.566 

0.27 

2.679 

2.809 

2.945 

3.100 

3.137 

3.178 

3.226 

3.286 

3.429 

0.28 

2.550 

2.680 

2.816 

2.971 

3.008 

3.049 

3.097 

3.157 

3.300 

0.29 

2.431 

2.561 

2.697 

2.852 

2.889 

2.930 

2.978 

3.038 

3.181 

0.30 

2.315 

2.445 

2.581 

2.736 

2.773 

2.814 

2.862 

2.992 

3.065 

0.31 

2.210 

2.340 

2.476 

2.631 

2.667 

2.709 

2.757 

2.817 

2.960 

0.32 

2.111 

2.241 

2.377 

2.532 

2.569 

2.610 

2.658 

2.718 

2.861 

0.33 

2.015 

2.145 

2.281 

2.436 

2.473 

2.514 

2.562 

2.662 

2.765 

0.34 

1.927 

2.057 

2.193 

2.348 

2.385 

2.426 

2.474 

2.534 

2.677 

0.35 

1.842 

1.972 

2.108 

2.263 

2.300 

2.341 

2.389 

2.449 

2.592 

0.36 

1.761 

1.891 

2.027 

2.182 

2.219 

2.260 

2.308 

2.363 

2.511 

0.37 

1.684 

1.814 

1.950 

2.105 

2.142 

2.183 

2.231 

2.291 

2.434 

0.38 

1.162 

1.742 

1.878 

2.033 

2.070 

2.111 

2.159 

2.219 

2.362 

0.39 

1.541 

1.671 

1.807 

1.962 

1.999 

2.040 

2.088 

2.148 

2.291 

0.40 

1.475 

1.605 

1.741 

1.896 

1.933 

1.974 

2.022 

2.082 

2.225 

0.41 

1.411 

1.541 

1.677 

1.832 

1.869 

1.910 

1.958 

2.018 

2.161 

0.42 

1.530 

1.480 

1.616 

1.771 

1.808 

1.849 

1.897 

1.957 

2.100 

0.43 

1.291 

1.421 

1.556 

1.712 

1.749 

1.790 

1.838 

1.898 

2.410 

0.44 

1.234 

1.364 

1.500 

1.655 

1.692 

1.733 

1.781 

1.841 

1.984 

0.45 

1.180 

1.310 

1.446 

1.601 

1.638 

1.679 

1.727 

1.787 

1.930 

0.46 

1.128 

1.258 

1.394 

1.549 

1.586 

1.627 

1.675 

1.635 

1.878 

0.47 

1.078 

1.208 

1.344 

1.499 

1.536 

1.577 

1.625 

1.685 

1.828 

0.48 

1.029 

1.159 

1.295 

1.450 

1.487 

1.528 

1.576 

1.636 

1.779 

0.49 

0.892 

1.221 

1.248 

1.403 

1.440 

1.481 

1.529 

1.589 

1.732 

0.50 

0.936 

1.066 

1.202 

1.357 

1.394 

1.435 

1.483 

1.543 

1.686 

0.51 

0.893 

1.023 

1.159 

1.314 

1.351 

1.392 

1.440 

1.500 

1.643 

0.52 

0.850 

0.980 

1.116 

1.271 

1.308 

1.349 

1.397 

1.457 

1.600 

0.53 

0.809 

0.939 

1.075 

1.230 

1.267 

1.303 

1.356 

1.416 

1.559 

0.54 

0.769 

0.899 

1.035 

1.190 

1.227 

1.268 

1.316 

1.376 

1.519 

0.55 

0.730 

0.860 

0.996 

1.151 

1.188 

1.229 

1.277 

1.336 

1.480 

0.56 

0.692 

0.822 

0.958 

1.113 

1.150 

1.190 

1.239 

1.229 

1.442 

0.57 

0.655 

0.785 

0.921 

1.076 

1.113 

1.154 

1.202 

1.262 

1.405 

0.58 

0.619 

0.749 

0.885 

1.040 

1.077 

1.118 

1.166 

1.226 

1.369 

0.59 

0.583 

0.713 

0.849 

1.004 

1.041 

1.082 

1.130 

1.190 

1.333 

0.60 

0.549 

0.679 

0.815 

0.970 

1.007 

1.048 

1.096 

1.156 

1.229 

0.61 


. \ y . . 



iluiA) 3jJaj3jJi2JI J«U< <Lu2j ili U^S^>3 



0.515 

0.645 

0.781 

0.936 

0.973 

1.014 

1.062 

1.122 

1.265 

0.62 

0.483 

0.613 

0.749 

0.904 

0.941 

0.982 

1.030 

1.090 

1.233 

0.63 

0.451 

0.581 

0.717 

0.872 

0.909 

0.950 

0.998 

1.058 

1.201 

0.64 

0.419 

0.549 

0.685 

0.840 

0.877 

0.918 

0.966 

1.026 

1.169 

0.65 

0.388 

0.518 

0.654 

0.809 

0.846 

0.887 

0.935 

0.995 

1.138 

0.66 

0.358 

0.488 

0.624 

0.779 

0.816 

0.857 

0.905 

0.965 

1.108 

0.67 

0.328 

0.458 

0.594 

0.749 

0.786 

0.827 

0.875 

0.935 

0.078 

0.68 

0.299 

0.429 

0.565 

0.720 

0.757 

0.798 

0.846 

0.906 

1.049 

0.69 

0.270 

0.499 

0.536 

0.691 

0.728 

0.769 

0.817 

0.877 

1.020 

0.70 

0.242 

0.372 

0.508 

0.663 

0.700 

0.741 

0.789 

0.849 

0.992 

0.71 

0.214 

0.344 

0.470 

0.635 

0.672 

0.713 

0.761 

0.821 

0.964 

0.72 

0.186 

0.316 

0.452 

0.606 

0.644 

0.685 

0.733 

0.793 

0.936 

0.73 

0.159 

0.289 

0.425 

0.580 

0.617 

0.658 

0.706 

0.766 

0.909 

0.74 

0.132 

0.262 

0.398 

0.553 

0.590 

0.631 

0.679 

0.739 

0.882 

0.75 

0.105 

0.235 

0.371 

0.526 

0.563 

0.604 

0.652 

0.712 

0.855 

0.76 

0.079 

0.209 

0.345 

0.500 

0.537 

0.578 

0.626 

0.686 

0.829 

0.77 

0.052 

0.182 

0.381 

0.473 

0.510 

0.551 

0.559 

0.659 

0.802 

0.78 

0.026 

0.156 

0.292 

0.447 

0.484 

0.525 

0.573 

0.633 

0.776 

0.79 


0.130 

0.266 

0.421 

0.458 

0.499 

0.547 

0.607 

0.750 

0.80 


0.104 

0.240 

0.395 

0.432 

0.473 

0.521 

0.581 

0.724 

0.81 


0.078 

0.214 

0.369 

0.406 

0.447 

0.495 

0.555 

0.698 

0.82 


0.052 

0.188 

0.343 

0.380 

0.421 

0.469 

0.529 

0.672 

0.83 


0.026 

0.162 

0.317 

0.354 

0.395 

0.443 

0.503 

0.646 

0.84 



0.136 

0.291 

0.328 

0.369 

0.417 

0.477 

0.620 

0.85 



0.109 

0.264 

0.301 

0.342 

0.390 

0.450 

0.592 

0.86 



0.083 

0.238 

0.275 

0.316 

0.364 

0.424 

0.567 

0.87 



0.056 

0.211 

0.248 

0.289 

0.337 

0.397 

0.540 

0.88 



0.028 

0.183 

0.220 

0.261 

0.309 

0.369 

0.512 

0.89 




0.155 

0.192 

0.233 

0.281 

0.341 

0.484 

0.90 




0.127 

0.164 

0.205 

0.253 

0.313 

0.456 

0.91 




0.097 

0.134 

0.175 

0.223 

0.283 

0.426 

0.92 




0.066 

0.103 

0.144 

0.192 

0.252 

0.395 

0.93 




0.034 

0.071 

0.112 

0.160 

0.220 

0.363 

0.94 





0.037 

0.078 

0.126 

0.186 

0.329 

0.95 






0.041 

0.089 

0.149 

0.292 

0.96 







0.048 

0.108 

0.251 

0.97 








0.060 

0.203 

0.98 









0.143 

0.99 
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jam ill) I 

Stub ,->$ 


dll ^—3 *»- a 11 fjJuijt (_(aL*_a ^ nr <<-V) (6-11) 


4 _lI>. d> I 33. a ^ If (_£ ^IL>o I I 3J1 ! 13 jJJ a 3 Jul! I J_a L*_a £ j ^- u ±> iJ d) L lLcC dl l dji ^— ■ 1 1 ^ JiielLi-uJ 

^ 3 j_i VI < u>o 3 ‘-— ' I3 4 _)Jl* 2 !I j.\ i^*a juLiJ! JJLi dO ILJ3 jLuiJ 4 _lL>J! a . ^—~,j 1 1 JjJLdiJ -i_Ll<_q a-=j 

5 = *S 

Lad Jljs. j 3 m ".‘^~~3 a 3_a Lj j‘~~' a J Ju^a-U {jjz LtJ 4 _u_>J 1 dll ) 3 -- t I ( t^s_<_uJ al , ., a'i ijJ^_>J.I (jric 1 Jd 

dial! 3LU C i) 3L0 ( l) : 1 q £>3 diLo^ULa 4 ' ^—•j a add- a ‘^—3 a 

ia_LJUiil jLu (<-Q (leakage reactance) ^3_dU I <3^^! aid Ida (!) -.^d didJl 

(magnetizing current) 



3 L_u ■ (a dl^aJ, I 4 la - u I 3J i i ^-re-Lij.t I 3 '*— ■ 1 1 3 LuJ I 4 _a_d ^JLd Jud -*j i 3_uul 1 3 Ja i a. 1 1 aid Lda d_ 3 LI I 3 LuJ I 

d_ 3 uiula Idii I 3-^3 dl I d a - uIQ J i i ij-LLaJ, I j 1 — uJ I 3d il dJju>Jl I 3_ld -i _$->■ 3-I I J_a ->2 I 3_ld Juau*-i V Jai k a" 1 1 

j-Sjj .LiIj^>Ji,l 3_a jjLUI 3_adL>J! 2a-ot -alll jLu ^sdlu-oj V3 LiI^j>Ji,! (J-a-*-J Ida- j*ld ljuij JudaJ! 

4JLC.LL33 JadJLauJI 3LU ■ dl^ t nil J-aL^ail J_a-rtU a , < a 1 1 a a 1 a tl ^_a 60 %) ^ I 20 %) (3^_i Ja-Li-aliil jLt) 

at-..,, | a_i 3 jc_lu-1 I a j 1 ^ 1 1 ^ lr (j (^ 3 ^_) V 1 a ^3 J I 3 LliLI 4 _Ls Ls- Cj 1 l ^~’3 a . ij-luTl! I ! 

t (J Lilli (J-u-i-u ^ lc ^ 3 a *— ■ 1 1 ^_333HJ I ^ 1 1 ^. 13 a_) JuLlII Jj-ua-a a J 13-S-a-ll aj JlSJI ^jl a ^Lt-oJ 3 ^3 L ^3— *^ 1 ^ 

s= 

33^! 75 ^, jLpl! dl_a3Lai! a 1 ^3 0.75 (JjljuLa S3 Jd (J-aljLAJ 3-ta-«I 100 03 1 JuLa I3I-U ( t^s_auj d^^ata 

ajl_)3 1 j >a~ ^Ii_b 3 j 1 1 3LLIU a JL*J! 4_a_u2J! S dlj— re-a-U 4 _t^Lal! a < 3 j ^— ■ 1 1 adUaJ! A_a-L2 1 a ^ 

s^LjJ 78 %) 3^ 1.777 ( 100 xl 00 )-r ( 75 x 75 ) 3IJ ila; ( _ r _3^^=3J! ^—33111! d!js3_Sda 

Ldl i/> ] 3 a 1 1 ^_J33 jJI ^ la ' jL_aaJI (J—tldla ^LalljliVI 3 l__Ia| ^ 3 a ^— , J I S_iJuLlII 3 ) , a , - 'I 3 a. ^1 a 

a3J_aJ! J-aLat^a ^-^-13 -dlj-re-a-U JaJJLatLlI 3 1 lTLi (j-aLJ^JI a3^>J! a_ljl_*Jl dUji3 S3JLJ2JI J-aLatai (3^_<-uatI<i dll jL-*_a 


-Ht. 


AwjLuJI t *1 ^ jaiaADI 

<L'lu. ai 3jJaj3jJbflJI J«Lm ^bj^JI <Lu2j 



J_^l ajJuS J_«L*_« ^ I J-jsTi-i-u I lc ^ 'J 3 ‘~~~' ^ I £-4 ij^jJ 1 Clil ^~~~ | ^' <"■ ^_>o^ .0.95 (Jl 0.92 (^-i ^ *»• i^aJU 

aJi_C cdl_Ld> jjl J *— ■ ' ' . ,_)Jairtj2L ! ajjL-iiJ! (J_aL*_a (_£jj ^ ‘—^ ' 4~ - “ 1 1 < <_^L*j Cj L^aj—tiuJ I ^ya-Xl l_a-L u 0.9 ^j-a 

**■ (_ 7 — ^ ^ 'J 3 ^ ' £— (O— laJ a ^ ZaJ.1 4 jaLlaJl a -»• J 4 uL^Jj! 4_rt_u-<J! *— ■ Jj aj-i L*-a-U Jjj—Ls 

.ajJuiJI (J-aL*_a CjI Jm_a ^ I JLscHjjj V i f 11 4 " . ., t I 

*— ■ ^ ' a tii^_>Ji. I l^j J £_a (_£j 1 3 -J-I t (_j2 Lc da 1 .~i~~*'^— ■ « 4^ LiJ^ Li a j Jl^J I J_a L*-a ^ ' se. < *aj j l_>o I *— ■ n 1 1 O— 

^JujUll jLUI ^ jL^eTn-gjj £_sj^jJ! 4->-^J ^_uLil,l 4 _>.^J Jl 1c. JjJLtliuJ I ^£.iLs Ji_Lc. I 4 < i 

.jJu-aaJU jj-a ^-iLlaJ 1 j^-Oil jLuJ! 4-J.sL*J, ^jLlI! 


Magnetising 

Current 



(6.15) 


^J*»- 1 J-li-till I J 1_J 4 t-. . .. | I j ^ *— ■ J I J ^Jji> Mil J 1_) j ’ Jl-Lc. dj L_^ii-^=3_I, I 4^J^Is 

^ *— ■ *»-“ jj 4_». Jilc. i ~ ' I 4i ~. *^— 1 1 I 4^jjJa La-Lu ^ ^— ■ j jlUt aj JlSJ! (J^sL*_a 

.(bulk correction) " u \^\ ^e-uarJl" 4_iJij_aJI JjJLlUl CjLjJiL ij-a 4 ' , ^ A < ^ L^l 2 


Overall Correction 


( 6 - 11 - 1 ) 


4_SjjJaj i ~ ' I A~. ■4^—i t I j < ,"i a j^JlJIj p a *»-~ /j ' 4_^-^J (^jJI ^ jLail SjJl^J! J_aL*^a 

0.95^^ ^aJ.1 ajJui]! jJjaLtl 4_tLuiI! 4 ^ j ^ tl .aJ^jv^l,! 4 ^ j ai II ^j-a ajji^ jJ^L*j 3 (_,!£. kaLi^til 4_uUilj 


.ur. 


iluAS JjJajSjjfiJI Jabw 



Axliu 


jflyaftUI 

2uu>jS,>>i 


LfJi jl& (j in (g (2)1 ■ aVI jJ—js ^y*»- i^aJl Jlj>.| 3J! (j— 4 1 'J " aj^ds (J_al _»^3 (_| i >»^S? 4 —JLiU.I <i ^-LaJl 1 <s_Lu 

.1.0 <Jj I Jura a j Ju 2 J-a l_*_a JulC. ^ '^— ■ J I t J I AuJJ^ds ^ I JiielLi-u I 2)-^ ^ '*— ■ ui a 


-T1 



Capacitor Banks 

(6-16) i~ 


□ 


Static Correction (6-11-2) 

dad * J 1 j 2 jj (_,_ 4 _l jjiuJI jJlum ^ lc ^us-LlJJ 3! ^ "‘ *>■ 1 1 jLull 2)^37)^=^ fjujdl d)^ C.--l>- 

Jl_Lc < " ' 1 3 u ^— ■ a 3JJ clLIjij Lilj_rta j ‘—> J o j ' nil (J_«L*_a ^ i jc. < J j mil 2)- a 4 _u_>JI dll <j se-»U 

2 >-a (Jdsi ( - _$ 3 - * -t- u J I jl—uJI 2 )J) ^~~ | 1 2 )i j iluuuVI ^2~a- <^i"ll jdjdsuuul J_Lc .LiCj>Ji.l ^J-L i -i Iu J d 2 j 2 

jJ us 333 uj *~ l J ' 13 uj V I I ^ Jl^j ujj (_^j 1 1 d 1 i 1 1 ^ lajt-a £— . Li! j ^ 2>J I dad k J i j 1 _u 

<-V*dl ."'I n~,^—, a 1 <>> i? 2 i Vi i_l!ju>dl (J i/'A Jl.cC. .idJju>dl dl_ 3 JLa £_a (^j^gddl ajudlu-a dll du^=a ■ 1 1 

aj JluL? i J_a Ld 2 o-i I J !> '•>■ i ^ La *~ I d i du ^—i 1 1 l da_i I (J_ua (_j_ 2^^=d I j t ^ t 2 Lilj._>d I ^3 Jl-lT^ 

dl dJtas dll j_d=aj 4 _iil^=J.t ajJ_ 3 JI (J_al_*j3 J_u3j aj_^>-i tiJL_afc 2)J) ^~~ l ' (ji ^ illalLa ^ ' I .L£jj_re-<a-U 

* 

T wJ i_i .Lil^_>di ^C.^—uj (_2adrt_Li LaJi—tC. Lilj^>di (dl^dsl—i LLajjj-a ‘ a u ^— ■ t I ^ 3 . i jLL 3 * 2 I I ^7-3 f" 

Lilj—jtdU d— 1 Lilli j tiaatil jljJ—II . i udal >« 1 1 (JL_>di (_3 _jjJo 2 )-^- J 1 1 1 1 1 ^3 J_Lc. LfJ^_>di (J-li>_lu 3 

2)3 ij jj> if-itl d)- 4 i-ilj-a >dl J judj .(rotor) Lfijaat-dU jljjJI j-t3aa>Jl d_ I2b>- IjLu JJ3J ^jJlj (stator) 

idljdsl ( _ r -liL (_,— ij^^= { LiIj_jtdLI jIjJlJ! 3 dd 2 da_i 3 j_a ^ . " jlal i« ^ (J2^a 4 _j_Laj a^ILdJ Lill_ai> 

£_a drd ij aj_j|j Lilj_>dl i_a!j_2j (jr-ic dl 1 ^i~ l, I dLd"t^=d.i d)J) i-dj— ^ >dl 2 j_lu cr-^- -^-^Aa Lilj^d.1 


.m. 


AdLuJI 

(tLUyAI JrfliW 



^Lj^JI 4m2j 


jaia ft UI 

j$2 


t^allJl) 1.0 I ajJ-HJI (J-aL*_a t dll n~t‘^—> t I £-usj Judj .Liljje.a-11 4 _lL>JI 4^jL*JL! 

it 

J-Ih- 5 Ll^jLcuja !! JJjJ J *— ■ ' JL_1 jJLc.J ^ 'y j ‘^~~i 1 I Ja—iiJI JJjd 3 JlIc. I 4j3^1jl 1I £_a 4_u_>JI A^^jL*JL! 

it 

dljds-a-LJ L_r\_lj_I! "*• 1 ' n'n 4l ad3 4_la_>J til J^>JU ^j_a JlJjjJU J_^_>JI JJj-J (jl ‘—I Ijl 

j-t jLt^j! (_J I (_£Jj_J (j' U ^~~ l ^ (_$ j-Jlj d LaiL^=>J, I J d!j_->Ji.l ajdl J (_ r lc J_£j>JI £_0Jj_lj (Jld j9h 

y I ^ Id 1 A_a_uu ^_re_u 2 j V d 1 *— <y Je-ail ajJ-aJI J_aL*_a (jl ^j_a i ^jQll ^j_a J_iV dUjJ di 1 ali. i a 1 1 

^^-— ■ j"l" - »*^l By Jl all J_aL*_a y^y-> £)l JbV_J . Lr ^J 4 jLdV! Jjj j laj ik 4_>.^>JI a all J j 

S5 #* 

.d!j_^_a-lJ jLu ~ h j^) daJLi > La >• dill jLu ^j-a %A • (_£^L_aJ Ljjjlj-u IjLu 

dll j ly • ‘ *— ■ 1 1 dl 1 *— >y se-aJl 1 La I k dill jl_d (jl O..— P- ay • j ‘-—' ayyuuU dl 1 *— <y Je-aJl LLa-Lit-cILl I jLjj^_i-UIJ y ‘—< a ' 

yy ’ i 4 <>» A -a- i 1 1 die j_cJI dl j a^jJu^all dl < —>y -»-t I La-Lu dljjc-a-U y 1 ti 1 1 jLuJI yja °/o Y • ^Jl ys>- (j-ujadJ I 

it 

(Jjtji_j>J! ^Ijpeldul (jld I jl a c y .dlj-^e-ail y i till J-aL^aJ! J_ap*JI jl_u (j— 4 ^ 1 la i ♦ a~tl jl-fJ 

i (-L-t-uTiJj dl <y ~«-t I ^La^J JjLa^l ^_Lre_asaI<JI ^ la A_ lL>JI dl ‘—<y ><ill ajJtdJI JjaljLa usul ^LmJI 

ft 

6' *yy la -»• J I (y-QJ y ; 1 x^aj ^ la V (JI^js-^I ^yl aju ■4r-_J ‘ - ' ' 1 1 ’ aaj 4 Jjld>JI 

dl ij. ~«-t I >. « j ^ j laj dVl_>JI aj <y dlj-^aJJ J al da J I J_a_>J! ^j^'il xaaa- t^alLll (_ r -i-iJ 

dl_Ii i r-i-LiOj J_aL^=JI J-a-^dl Ji _d 0.95 I J—uaj ajJi_aJI J_aL*JL A_lILc Ajj— cidLa Adjljta 

J ts*n\\ dVLs- Ji _Lc. Jjuw^UI J_d J_>JI Jdlj 


Contactor Overload 



( 6 - 17 ) 


-UO. 


AwaLuJI ad?^JI ^ " ' jaya ft lJI 

ilLmsu 3jJaj3jJi2JI J»U< ^Lj^Jl ajjjUl <Lu2j Juj Ij^S^>3 



4 - (contactors) m I .ajJjVl j ua^iJI ^ujLia ^ I JlJcIujj L) Jjj j M £-iLu ,^"1" - ..VI t^allJl 

* ^ 

LaJ&Ju>-l ^ ‘—> -ul j < s\ n\\ 1*1 A a L_y^Jj! I Jijcldu I 1 jl af j I . dl Lu^a-l, (j dJju>LI ^_y3 < J‘~' 

di 1 L *—< t 1 j dJju>U,l o-lijJI ■' a < djed! dil gii *— ■ 4 1 J d!j-^-q-U 

Contactor Overload 



jUUI dilj-uLa (6-11-3) 


jl icj_u jJI ^_u_*J dll Ju*us ^ JudLuia La Ji_lC. aj JuaJ! (J_aL*J, ^ ‘ : — ■ Clu i aVl ^ ire. <^~tl LajjUs ^IjLddu! c_u>u V 

£— J LL I dl IjUJUa ^JUS- JulC. dl LLf^Lt I ( (_1_ljjILi 0 I ‘~— 1 a ' a . dl ' *— 1J. ~L | i j LU I dl ljU*US 

.jLUl d)!jUJt-a ^JJS- r -J-ijuJI (_yJ^ 1 6 *** ^ 1 '-U_uJ dl 1 ^— ■ t Ij jLUl dlljuiJ. ej. • J . ■' a 

jLu ^— ■ J < a <>> A -a- i 1 1 JLaJS. Vl Jud 4 _ujL>.j d A -a - ' a ajjd J^L-a 4j jLuJI dlljuJLa a t-> , .,1 i jj^e^LU jLuJI 

l 1 j>- » » t| I j I_xHJU 4-JS- ,y I 4_! J I j jj J ‘~'~J ■) LuJ I ^_l_*U5 4 t-> . .. I I 4_) JUllI I J 1 I a (Jlj_*J dJj_>Jk, I 


j_LLI 

4- jW 11 ' o! l~ 


5 jLj 2- C-t - Uudj j j j LaaJ I ^j_a 4_lJj^ L i JuLU I j i ta a £_)_a j LuJ I ^_i_*_« <lLui I 

* 

; A -a- i a aj jJa J_aL*^s JlIc LauL J-aJU jLuJI ^LLa jjL LU jJ dJj.jc.a-U 


0.7 0— 4 J-aL*_a Jijus-j £— ( u— UUJ ' j >a* 4_>uLJI d)l_u 2 ^l jLIj ( _ r iJU>-^xd Qj ^— ■ 1 jLuJI dlljjJLa 

S5 

jLuJI dilj-uLa Lj L I dl 1 *— i julm La-a I J idu>o dJJ jJj . j LuJ I ^LLt (_ r L>“ I dJ I jauauuajJI (^-L ldau*-a 


.m. 


Aw^LuJI 

(tiuiAi J«l*4 



^Lj^JI 4m2j 


jaia ft UI 
4 j.jLj;^S j$2 


diLjL^a j (input reactors) (Je>o daLjLeta LjJ ( jLuJt di!^_JLa .0.95 ^j-a j » daS? ajjuLJ! (J-aL*_a (j-im-ssTJ 

cJJg {_ys J-.Aai L^jjuxla j (DC bus reactors) ^-a Tn - u - t I jLuil (jLu.^ia 

#= 

C-<- L f-u T tJ CjLoIl^zJsI (j V J LuJ I ^_L*_a j) I JlJla ( (-LluTu (j I j) ’ a ' J Lui I ^_l*_a (JL»- -5 (j_a L|JJ_3 L — 1 ' I I 

a^LLsj jLuil ^_JLt jjs. jJ! ^j!jj (_ r lc (JLc- ^7- t-'- t -Lu T u La-a (transients) aj_iL*JI ^_<_l^=u ^_ 

£_t*b ^3 (ji i^u^a jj .jLU! ^_L*_a^_<-a JuJ (_£.}J_) Jd La-a t ^ ' 1 (j-a^-i^al ^jl2 JlII d$-yi-!l 

jr\_) (J-U3 jJU 4j3jL*-a 4-la-i.u I jj Jl£j>JI jLuJ! j_JLa j > ua j!La 75 <^1 ^s>- Juu ( __ r JLc. da 1 ^-jlX I 

^ji 4 _i^jJi_lII J^-ltJI ^_£jLia dili djUi^aJU ^ . I Jl^sTli-u I < i-lluTl! (jl (j ■ a 'j . j LuJ I j-Ut-a^ ■ ~ ' 1 aL ‘—^ t 1 

4_a-d £_a ^LLJ! (_ < i nLuJj jLuJl ^-JLl (JJ>- JlII j-sJj o' (j “—< a ' J J i Jl£>. £— 4 JL “—< -U I a I 

‘ i -1 1 1 4j>_mJ I 


a i ' -< tV I d)l JjlXI ^>1 Jiir" i iiLi AC.LLM (J i» i“i~ tl (6-11-4) 

^ I JlscTli-u L i ^C.L<il (J-Lt-LuTj I j£ jL d-Lc. ajdaJI J^Ld ^ ■ j"l" . ., VI <-V*<tl djLiil^=3_a (J_u^> ^3 < tj>o V 

aj_i! jJLi LjJL>-jl jju-i^j ^jL^ajua ^ ^-— ■ -pi I J i^°i ^LluLa-i 1 j ^ ^— ■ jellJI < <^»o ^— ■ Jj 4 J ^~~ l JV1 dll Jutil 

l Ij^JL dll n "<^— i t I ( i-LlijTlI (jl j; ‘—i a. aj .uLijJI 4 (J.Lt-LuTj 1 jLJ j Ladle. 

dll a"i d— . 1 1 ( ..LLuTiJj .(JjLe. (_ r ^=3_u La^j j j j ^Llia ^.lLlluJ lil aj^aj2 a|_ (JjJLduJI L^^Li (j-a 

(je. (JLL) V juu (_yid da ' a"i d— , 1 1 ^_u2_Ll 3 dlJ jJ 4_J Le: 4_ut3 j ji j j 1 j le. ^Il-Li La-a aj_i L*J I j I j * 

«= 

■ (J-Lt-Lu T JI L$-iL) j)-a IjILa 50 


-UV. 


Aw^LuJI ^ " ' jaya ft lJI 

4±luA) 3jJaj3jJ^JI J«U< ^Lj^JI ajjjUl <Lu2j iuj I j^S^>3 



Contactor Soft Starter Overload 



■ ~ * 1 aii *— ■ 1 1 jLp^l (6-1 1-5) 

(jL^= lilj ila-LLcIiJ I jl_u %A* ajjJi]! JjsIjlI, ijILu-uVI ^alll jjl <_«^>o 

* 

j Ljj jj La Lil I . di 1 *— ■ t l^j I ^_ia jl3j cii I jutl I ' j *— ■ 4_J LaH>. I tii llfrfl LlI Lc *>■ < 1 1 

! j Lu % V • I ^s>- ila-LLcILl I j Lu (ji j)^— ■ i_i!j^>iJ, I ^ j o t^aj ^_JLLi ^_JLL) ^_yiL>J I Li]j_^-aJJ lL3-uLcI<J I 

(_)aL*-« jus3 ^ ^ JjaL^aJI (J^_>J! jLu u- 6 0// ° v <Jl J-^e o' ‘—> A ' * t-l]j-^.a.U 1 ^-— ' 1 1 

jLU 4-a-t2 Jal aJ-Aj jjLuall (j- 4 JJiC- 4 L-i ( mI^j SjjAUU Jjl Jt^JI jJ^L>. ^j-a > ajJ-aJI 

a all i a i^, i ( j_a Jal < JLiJI £— ljufc u jjlj jjl a ' £-a(jJI £— .jLUl IjijJ ‘ 1 1 gUZo-uJ j i La >• ali-H 



AwaLuJI 

(tLUyAI J*bw 



^Lj^JI 4m2j 


jaia ft UI 
IhJbj^S j$2 


Supply Harmonics jju^l (6-11-6) 

abLij ^_a (J 2 j ‘ a 4 — ’ 1 1 4_j3jL*_a j)V dlJ ij d) 1 nl ^— ■ 1 1 £_ j_<u djlj jLlj < i-l-cH j Jl 1 1 ^.Ic, i"<f Hal jjJ I 

0Jlj& Ji_J ^ jj^ ^ < as l^laV! aj of (1)— 4 i-LLJ j (J ' ^ 3J 4 a ~i ^— ■ a 1 1 ^—Llsl L_y^t_<jjj < <_i_ culu oLjjJ! 

I 4_! dill I J A 1^, a ^_£j La>a j 0 ^-lHt I 4_e.^_<_uJ I d> 1 a 4 ^ - " 1 *»-" a JlLa A ^y-ie. (_] La->. I -5 j)-a d) f a 4 ^ 1 ^l! I 

ej. • j. 4 — ’ jLu d)l^_iJLa j)_e. ajl-LC. dll—ulal ^ jJ! dlLiis ^Jt-a ^ I dicldu L i d^jsdl dlLui^! ^J (j_a J^lalLlI j 

^ a j (passive harmonic filters) ^JUJI dLdialjU! djU_i j_a ^IdiddJ j ^-a j al!j_^= 


■4JJ 


.djl 


1 n~^—> aj dlLlLaj dlLajLla 

^ I jl^cTli-u I (jV! ^JLUI ^j-a I diLiJLsI l^nJl diljLu i^c. 4_>oL<il dLii^=J.I (_yie. ^j-a Jj' 

dllj^pJ! die. 4 _j 1>. adlH ajllj (Jju>o 4_jIL>JI dl^LdLii! <?J idj dll t I £_a ^JI^jJ! (_ r lc. 4-d>- d)}Le.Lla 

oj-j I j (J-*^ 3 - 3 -^ LjJ L^jiidu I ^jj3 (_ 2 jyllj .( third harmonics ‘CJLiJI diLuialjiJ! ^j-a (^^ie-i) 4 _dL*J! 

.(__£ ^U! .iJljl J a£ Aj^Jt-uj^ d-ujaLUl dlLllfll ^jJI die. (jL^3_a*^M jjd 4_jl>. 


Jl 4 jJl*HJI j J is~i a (j-Uj (6-11-7) 

4_JLs- d)jd_>- I (_L-t-uIlj (jl j) 4 — ■ a ' jduaj, (_ r ld AjLuallil dl 1 4-l ‘—> I I ^ I Jl^cTli-u L l ajjLflJ! (Jjsljua x^3J 

«= #« 

(_|^i (jj) 4 — I J-m (jr'-ljJI ^JjLj (jL^ I J_>. L-J-Itd J J~ l-rT-qJJ I J Lj (ji ) lil^ .dUil^Jll J jJl^ 3-!I (j-u jrUjJ! 

S5 

la j i t-s -v. (j^_ijJI ^_u L j i 4 _lILc. 4^^jL*j 3 4j^j V i i 4 —! Lh^- jJu^aJll (jj 4 — ■ ' Usjilc. j; 4 — ■ lj 

jjLujija ajLl*^3jj_C. jJu^iil L_a L * . Ja> I (jj 4 ^— il Lr^^J 4_JL*JI .aJijjvjJ.1 d) I Juti I JuJ 

* 

(j-\_lj_I I 4_<iliu j J 1_>J I ' -t 4 — ’ . I i >s •V / ^ j Jlj^JL I (_ 7 -tc 1 (j J) 4 ~ l ' La JjIc. 4_u3 4_>2 jjlj1sJ I 4j j.H] I 

.^Ld! Jl^jjcJlI Iddjjj (j^-ijJI jlljj A_ Ldlla ^-<1 j jL*lIl j_iL*JI ji jgj>- Lit 1 j-l U lI L a 

( _ 3 _L»la La (_1— = J Lie V I JL>.^I ^a dll j t~> ->■ 11 (jlaju J-lI jj 4 — ■ a ' IjJuilll j a jy-Uj (J^=Lila Jj' lj 

,4jJL*1]I j 4 < a ' 


. i r t . 


4dLuJI 

(tLUyAI JjiajSjJuiJI J*bw 



^Lj^JI ^jjjaJI 4 m 2 j 


ja t a i ul I 

jjia 


jjz aj jU I (Jaalda se. < aaj JJLajj . Liaai>. (J_a_>JI jj*— 1 ' La Jiad 4aaa L>. aj jU I (J-al*_a ll aj 4_a-aS (Jaiflj - ^ 

.AjJuUI j Jiaaaaa ^ a all 

^_£3 Lia I Jarela-u Li ojj L*J I ^ILdJ I d 1 jl af a L jLI I j. ‘—< a ' a . a . J I d 1 jl a<* JlIc. aj_i L*J I S I ^j_a JaiHl I — Y 
. Ill S / 4-a->I) Jaidll I S Ll jJlLa a j d_, ^ j I d-,^| ^ jd- , 1 1 ^Jjldl! I d La S L) ,j 1 * (J-uLluTlI I 4_iS L*la j JiaaH I 

* 

. aILJlSj a> ' j ‘—i dl ^j_a Vju 2j.l*.us> a Ju JlC. dl jL'v j Ju^aJ.1 ^a d 1 da *— ■ 1 1 Jaaaa - Y 

.(JLa^-Vl (J-aaa^ £_a jj JaS jdanll J-aaa^ (Jlad*-^?! (JLiol Jl*_) j Jiaanll ( _ r lc dl ti"i^-3-ll (Jllol ^alu - 1 


; ILaLfc dLLaav^La 

* 

.‘LAjda J AjilaHa dLa. ^j_a 4j IjLu < idtaajJ ( _ 7 aJ! ^jIjJlL! Jj j la i V dials I jail ajjU! ^_J_aj Lat_aa se. < aaj - 

< i-i-Luli I JLdj i SSjli.1 Ji_^->JI Jajaa. ^jl) j. alcu-a jLu sla**.)'^ Jjlaaj (J a~ <~i~ Aajjj^alaaJ'^l dl Jutil ^ La * a - 

(J_a->JI jLuJ AaaaiaJL) li^dsJLd ^>ad dials I jail jLu 03 — - 3 - 1 *— 1 *^L>JI (jlau .dials I jail dljLu J> 3^-3 

#« #* 

jjaa^ill ^j_a 1 )^de_ m . l l jl_uJl ^j_a (jaal= lajas* (jls 4aJj^l=JI dl ij^— jjlll dldJI £— j 1 Ij (Jaal iJI 

* * a 

4_>. ^jJ, Id jail ^al i_S j > 1 1 S 4_aS 1 ^— ■ 4_>. j Ju Ij. ' a ■ d 1 I I j Laj j 1 ‘-—' 1 i Is . d la aS I ^jll Li Laid j ■ > 


L^=L 


Is! ^jaJl jlaJ < i-LLullj .^jsu^ I d I Jut-aii ^dtaaH (Jaiaall! ^_a Jal! H (jl j ‘—> a ' ( _ 7 aJlj 4_i JUlaJI jJuusla 

.AjJuill! jA ts-> a jlaail 4- 

iialaa A^LalL 4aial>o j ‘—< a ' V a>jaaJl! Jl^>J! dli AjjLilll jsLaaaJl ajjUl J-aL*_a ^aae 


aaa 


(passive 4_LaL>. dl^tllj_a A^lallj Jl^j>JI dlja>.^a3 Ladelau-a dljuti! ^vaataall J dlalsl^jll! JalUl! 
Jl^jJ! Aas.^a Jaa*J ^aJI^j Jl^>JI Jaalatas ^dtaaHl “^->J! dl^aatas A^lalL) flltefS LCR) 

. 4d^jaaal I J-l£- L^lILs- J| 


- \T . _ 


ilLmsu 3jJaj3jJi2JI JaLm ^b^Ji <Lu2j auj Ij^S^>3 



JjLui 4 

0.7 ajjiia J-aLata jiic. 1200V A. (JjVl J-a->JI : a_jj5?I 5351411 ^JL^js-^U ^ '*— ■ 11 ^ ^JjJt dJ4a ^luiu-ul ( 1 
J-aLata j_Lc. 3275VA cJlill J-a->JI 4^js-Qa 0.5 ojj^ (J-aL*_a jlIc. 350VA (^Liil! (_|a->JI <^a>.LiLa 

. 1.0 a jJl! 

(P=590W, Q=446VAR, S=740VA, p.f.=0.798 > fc*:oUAM) 
A^LtiaL) ^as-LILa 0.9 I ajjuill JaLat-a (^_<-u->o jjk.LLa 0.65 ajjiia (Jalaaj 300 kW <Jjl Juia (Jaa>. ( Y 

a j Juil I £— I A_i_<_uj^ A_i t~. 1 1 ella 1 gj . *— ■ a 1 1 aJLc. laJL I a j JuiJ I < cma*. 1 . (_£ j I I (_ r l c - d 1 ■ a 

a j'*— 1 II Aj jd HaJ ! 

(204V AR, 28% :^l) 

131 500VA ( _ ;r jalj3 tiJjata £_a (_£jljjJI ( _ r lc <J-a-*J jJ»-Ca 0.8 4 jjJl 2 JaL*aj 2000VA dljasea (V 

* 

. ( _ 7 Iu3l^ILll d! jasall ajJaJI Jalaa Jl>.j? Ij^-Ga 0.9 ^l^— ill ajjJiJI JaL*a L>^= 

(^jaHa 0.92 :a_)Ls.'9I) 

^as-Ca 0. 85 «j^2a JaL*aj ^Jal *— iJI (J-a_>JI jLu <ja 80% J-Lc. (J-a-*-i 100 kVA J^ea ( 1 

(J^t-ail J al *— ■ 1 1 Ja->J I I ^as-Ca 0.6 aj Sk JaL*a JulC. a 1 U. 1 1 AJjdUaaJI ajJaJI < cauas-l 


(21.3kVA:oLAM) 

* » e- 

JaL*a ^^taaa . ^as-Qa 0.8 ajju3 Jalaa-i J al d_, \ I JaastJI Jaic. J-aJU 250 kVA (J^rca (0 

l.i. u l'v I (_£jl ^jJI ( _ y i c - dll .Vi ‘—^-a I JajtHjjj Li ^as. Ca 0.9 ^ I aj Jail 

a i j) I t-i t i . ~ 1 1 , V i ^ | \ A I c 1 3 1 1 ajJui]l (?) 

(Jaa>JI l j r C. olajJI (jjjL) tjVI i—iiLiaj (_£Jl!Ij 1.0 ajJtis JaLata Jiic. Jaa>JI Aaa2 (i_a) 


(>al Jal ^— il l 

(52.5 kVAR, 30kW :ajL>.5M) 


- \T\ _ 


